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Such a proposal, more ambitious in its philosophy 
han the mere establishment of a European third space 
power, should be no less ambitious in its scope. The 
| 


unt undertaking should embrace the development of 


A I y, astronautical science and technology in the broadest 
én @al »ossible manner, and make the fullest use 


economic resources of its member 


Programme of Space — *':.'»» :bsive i should no 


resources in a wasteful and inefficient manner, however. 


but should proceed on the basis of a careful assessment 


Technology sf thas Kane sett to Salone in te tseaaenk Ok teiae, ad 


this route should be followed with singleness of purpose 


‘ 


R SHEPHERD + BSc.. Ph.D useful assessment must look some way into the 


too many of our technological enterprises 


because their authors have looked only to the 

w Cpocn | short-term requirements. In the author's view, a large 

OU US TOFS space programme should be planned in its broad outline 
story shoul , , 

istory should for about 10 years ahead. This does not imply 

At the pre during such a period one should stick rigidly to 

technical principles that applied at the outset, 

domin ne sk ld adhere eee a eee 

one should adhere to the mal irgets 


WONG and tne « ODJECtIVe om nly deviate from the prescribed means of achieving 


when the technical situation demands 


While accepting that the proposed internationally- 


based “‘third-programme™ in space should have no less 


ambitious goals than those of the U.S.A. or U.S.S.R., 
st dponmnt " ‘ 
indpoint one must accept the situation that is created by a late 


uite incapable of 
quite incapaole ol start. There could be no question of indulging in the 


ompetitors of the S , | 
competitors of the | \ race to the Moon, which appears to be of such paramount 


importance to our Russian and American friend This 

is not particularly important in the long run; of much 

purely national greater importance is the need for European countries 

a joint enterprise where and any other nations who are prepared to join with 
Nogical and 1em, to play the fullest possible part in the exploration 


COUTSE, aly f space without very much regard for timetables. The 


IS manne “third-programme™” should be planned so that the 


ology Te , , 
norwgy ane art ating nations will achieve, jointly, what might 
la OT nN 

la or America be termed full space capability 


ige 1s 


state of our knowlec 
a programme to cover the next 10 years, which 
in due course, to the achievement of this full 


space capability with the maximum economy of effort 


writing, the nation West Europe 

ol participating zt - gramme to 

a 5-year period, a launching vehicle of 
vload capacity comparable 

operational in the U.S.A. Sucl 


lor the purpose of carrying out n 


idequate 
exercises in space research and the initial steps in the 
development of communications satel t should 
e sufficient, furthermore, to launcl vanned vehicles 

sub-orbits and, thereby, take the 

important of all space enterprises, namely, manned 

However, it is important to appreciate 
the limitations of this vehicle an 
take the steps eading to the dk 


more powerful rockets The 





1 its propulsion system ts the nucieus of 
endeavour, and it must be the main conce 
space programme to ensure that there wi 
logical and continuous development in this area 
most simple terms the goal in vehicle 
system development is to increase 
and improve the economics of 
At present we are thinking, in 
is Of close-orbit payloads f about | tonne 
the present generation of Russian vehicles and tl 
generation of U.S. vehicles (Saturn) are already 
in order of magnitude beyond this in their capacity 
A still further increase by an order of magnitude, at least 
would be essential to render possible the exploration of 


the Moon 
important long range objective of a European 


ind planets by man The first and 


+ 


must be to lay the foundations fo! 


eventual development of vehicles capable of carryins 


these much greater payloads into space; a reasonabl 


target being to achieve 10-tonne close-orbit payloads 
by the end of a first 10-year programme, and to have in 


the further order-of-magnitude increase 


d of a second comparable period 

The achievement of great payloads can be a matt 
brute force, ie., of building proportionately bigger 
launching rockets. Present generations of rocket veht- 
cles can convey, into close-orbit, payloads of about 
|’. of the all-up-weight of the vehicle. However, this 
becomes a costly business, if one begins to think in terms 

he later payloads mentioned above. Perhaps the 
question which we should ask at the outset of a European 
programme is not “How shall we carry 10-tonne pay- 
loads into orbit in 1970?” but “How shall we carry 
10 tonnes in 19706 as cheaply as we carry | tonne in 
1960?" It is the soluiion to the last question that is the 
important one in astronautics for it will determine, 
the long run, the future scale of man’s operations in 
space. In pursuit of this objective the longer term 
projects of a European programme should look to the 
more immediate possibilities, such as the use of liquid 


hydrogen as a fuel; recoverable vehicles and large 
inexpensive solid propellent boosters. Of these alterna- 
tives the use of liquid hydrogen fuel seems to offer the 


~ate 
a 


LCT 


possibilities, and the author considers that it 


would not be unreasonable to consider as an objective 
for the end of the first 10-year programme the develop 
ment of liquid hydrogen engines of up to 100,000 kg 
thrust and the design of a vehicle using a small cluster of 
these in its first stage 

A further stage of improvement beyond the chemical 
liquid hydrogen fuelled rocket might result from 
application of nuclear energy in rocket engines 
long term effort should certainly be directed 
direction and also to the possible, if remote prospect, 
developing very energetic metastable propellents 

In the foregoing the emphasis has been placed 
vehicles and propulsion systems, because these 
completely fundamental to the development of space- 


n 


flight. Scarcely less important, however, is the questio 


of Main Points in a Ten Year European 
Space Programme (1961-1971) 


Velucle Projeci 
Phase | launching vehicle (the presently proposed 
sed upon Blue Streak) 
launching vehicle, utilising higher energy 
(i.e. liquid hydrogen lox.) in’ upper 
ease payload capacity, but with same 
as Phi | vehicle 
launching vehicle, capable of placing 
10,000 kg in a close orbit, based entirely on high 
energy-propellent stages, possibly with 500,000 kg 
total thrust cluster of liquid hydrogen lox. engines 
in first Stage 
Associated with these three main projects there would 
be the eevelopment of a small number of appropriate 
upper stages, some of them interchangeable between 
the three vehicles listed 
B ipplication 
1. Instrument-carrying satellites and space probes for 
space research, utilising Phase | and, in later stages, 
Phase la vehicles 
Soft-landing instrumented lunar probe utilising 
Phase la vehicle 
Close and Synchronous-orbit communications satel 
lites ‘ries of launchings and tests leading to 
commercial use by circa 1970; utilising Phase | and 
la vet icles 
Development of manned capsule or re-entry vehicle 
ind its use with the Phase | vehicle for sub-orbital 
flight 
Research and Development 
Full supporting research and development in all 
relevant areas connected with the Projects and 
Applications listed above 
Longer term research and development particularly 
on advanced propulsion systems that might be used 
in a second ten-year European programme, e.g 
in nuclear propulsion 
The total cost of the above programme might amount 
» £500 million, of which more than half would be 
sociated with the vehicle development and its asso 


-d research and development 


of re-entry, particularly in connection with manned 


spaceflight 4 European programme should pay due 
attention to this aspect of astronautics and to the 
problems of flight at very high speeds in the upper 
atmosphere. This ts an area which does not demand such 
great expenditure as the vehicle and propulsion work, and 
many centres of aerodynamics in Europe are already well 
equipped to deal with it on a greater or smaller scale. 

It is not necessary to place special emphasis upon the 
work which must be done in navigational and control 
equipment This must obviously meet the requirements 
of the vehicles which are developed, and the missions 
for which they are intended. Similarly, in the areas of 
instrumentation, electronics and ground equipment of 


all kinds. 


the nations of Europe, some of which already hold a 


[hese would be by no means new fields for 


strong position in, for example, the radio tracking of 
interplanetary vehicles and satellites 
The foregoing comments have been concerned with 


the salient features of the technology of flight In space, 





take the form of a supra-national authorit 


ity, such as 
I R.A.T.O.M., at the other it might be an Agency 
comparable to the European Nuclear Energy Agency 
of O.E.E.¢ If only one centre were involved, one might 


up an organization such as C.E.R.N., but this would 


xt be applicable in the case of the wide programme 


va outlined above 
munication m tOFY ala Ma _ 


Having regard for the relatively loose politica 
mani ed pac | 1OT ‘ 


tion of the participating countries particularly 


European states associated themselves wit! 


he 
gramme, the establishment of a powerful supra-national 
iuthority would not be appropriate. In the opimion of 


the writer, the proper procedure would be to set up. 
possibly under O.E.E.¢ a European Space Develop- 
The first task of such an Agency would 


In consult with the experts from 
participating Countries the SCOP and cost the pro 


( ( 


gramme The next step would be to div work 


number of projects and developme ireas, and to 
centre in one t participat 
could be existu national 
would 

iney wou 

Stall from any of the other countries 
fair distribution of the various projects 
throughout th 


out the participating countries 


hould be placed on % nternational basi 


se as to the 


The question would aris 
and responsibilities of the European Space 


| 
centres Involy 


Agency ind the various 


I scope 


eramme While there is some 
> respective responsibilities, the t ible arrange 


i 
t would be to give each 


centre full respo 
conduct of the work in its own project 
including the financial and contractual 
would have to be taken The Agency w 
iny close technical control, not 
the day to day administration of 


It would be represented on 


national managerial committees inevitably, 


vould be involved tn otnerwise 


be responsible for he veral gramme 


Once a project had been st at a given centre 


should be allowed to prog eed 
period (sav 5 vear 
ole period Obviously. 


oceed on the basis of an uncertain budget 


hort intervals with no guaranteed contin 


e preceding organisation corresponds {| losely 
which already exists certain European joint 


mmes, and it has been found to wo There 
course. a variety ol SSID . Which would 


re or less responsibility 1 h 
However, the proposals outlined, very briefly, 
n the foregoing paragraphs would appear to the writer 


represent a reasonable compromise between the need 


ving some central control, and the e il need to 


e technical decisions in the hands of the people 


sid } ve ft p > ite 
lid have to execule 





Liquid Propellent Motors 


By W. N. NEAT, A.F.R.Ae.S 


a rocket engine has to be fed with 


than the gas turbine has to be fed 


\ rocket engine ts a device to convert chemical 


fs i alone generally confines the use 
ana thus produce a propulsive : 


nto kinetic energy 
” , cket engines to rather shor yeriods of operation 
thrust Both the internal combustion engine POC t period perati 


and the gas turbine engine in a jet 
meet these definitions fhrust Generation 


In the motor car engine. howeve en into 
e¢ motor car engine, however, air is taken int us now consider in somewhat more detail how 
cvlinders and {to burn the | he ¢ ro ‘ , 
: : acbissunnge n the Tuel [he energy re ie rocket engine produces its thrust. Let us consider 
} 
Hit j 


transn SI th j ' 
transmission to tI i sealed pressure vessel such as a balloon, the neck of 


tted through 1 
power. In the gas turbine which has been securely tied. The pressure in the 
to burn the fuel, but here balloon acts uniformly in all directions, and consequently 
rm of a high velocity is no force trying to make the balloon move one 
d by another. If now we suddenly open the neck of 
: ind that, as indeed one would expect, 
gas turbine in s out and propels the balloon in the opposite 


levice. but it {Te n both tl ; , , 
xa Pics tit differs from t ! - This has been caused by the pressures inside 


turbine and the reciprocating engine in that it d th b 


Xalloon ing modified as the air rushes out giving 


atmospheric air, but instead cart 


unbalanced rce On e side the balloon 
ypposite the open aperture there Is a small pressure 
force unbalanced by a similar force at the open aperture; 
this out of balance produces a force which propels the 
= balloon, as you have seen, in no uncertain manner 
In’ O KNOW 2 
[here is another way of looking at the generation of 
force by using Newton’s Laws of Motion As the 


ts fuel, but 
Nnemica It als < yu OxVgen i Vili 
vat fuel. Fort ; = sa tir accelerates through the aperture a force has to be 
, Tans A as le t to give it 1ts increasing velocity To every 
} purposes 1k } l rT Bs - 


ra igh al here ti cu e know there has to be an equal and opposite 


op 
ooial it is this equal and opposite reaction that 
yalloon The balloon is indeed a very 

rocket engine combustion chamber, but 

it is much too crude for any practical 

the energy it contains 1s too small 

lly worthwhile thrust. Secondly, the 

energy of the air in the balloon 

leaving the balloon is very 

up. and throwine is no way of continuously 
This i et 0; recharging the balloon so that it goes on propelling 
turbine, in w h an esponding to th of ume 


nS can be overcome in the combustion 


taken in all the tin ou will note than wil 


supply of | <s end the man cannot propel tl a rocket engine, which I have already said 
inv further saa Ci e likened to the balloon. To overcome the very 
Now let us con sae Wikies witli eteinee a al wore short and rather explosive nature of the balloon’s 


f behaviour, chemicals can be continuously fed into the 


i pile of > bos vith him instead of along the 


bank of the He can now propel the boat quit combustion chamber where they burn without inter- 
Ux« t LEit < < { tdi i if ) Vat U ic 7 

. runt vene Qo te » 
independently of his surroundings. This corresponds ruption, generating a steady supply of gas. If the 
to the use of rocket propulsion, but you should note 
* A lecture prepared for the BI.S. one-day course for Teachers 
‘ m Rocket Propulsion Technology, held in Birmingham, on 30 
loaded. By analogy, therefore, while it is independent March. 1961 


that in this case, the boat initially, is far more heavily 





chemicals are liquids they can conveniently be injected for the more ambitious journeys into space, will almost 
nto the chamber under pressure, and as a great deal of certainly use liquid propellents, because they are the 
at is generated in the combustion process a large only substances we know of which contain enough 
high pressure gas is formed available chemical energy 


The maximum amount of heat and pressure energy in 
the combustion chamber ts converted into kinetic energy 
by a suitably designed nozzle or aperture. You will 

aunerell F ae sid coal note that this has a particular convergent divergent 
which a. ovens an ox " shape with a throat of a comparatively small diameter, 
oad facie whic! , this shape being necessary when a supersonic jet has to 


be formed The velocity of the gas stream at the throat 


in ne COss 
ttl 
iS equal to the local speed « SOU d, and in the st sequent 


opellient ne | n i 

_— divergent part of the nozzle the gases go on accelerating 
a nun to supersonic speeds. In actual fact, the size of 
uid propellents in a roc engine. To begin with. it throat determines the pressure flow relationship in the 
akes it possible to vary the thrust by varying the flow combustion chamber As soon as the jet becomes 
f propellents into the chamber. Furthermore, by suitable supersonic no pressure waves, which themselves travel 
lesign, it is possible to cut the flow completely. s at the speed of sound, can pass up the gas stream. and 
stopping the rocket engine and then to re-start it agai this means that external pressure and temperature 
later, perhaps a large number of times. In addition, a cannot in any way influence conditions in the com- 
{ will explain later, one of the propellents can be used bustion chamber [his is another reason why a rocket 
' engine is independent of its surroundings 


is a coolant to keep the combustion chamber a 


reasonable temperature 

Whereas the performance of modern liquid propellent heoretical Consideration 
ngines 1s not very difl from those using solid Let us now consider a few basic equations which 
propellents, ol whicl \ will hear more later. those decide what happens in the 
be needed nozzle. Momentum theory tells us that thrust 


sroportional to the rate of change of momentum 
proj 


combustion chamber and 


giving the highest performance, which will 


eans that 


u 


where 7 is the thrust produced, and W the weight ot 
propellents passing through the chamber every second, 

the velocity of the gas leaving the nozzle, and g the 
acceleration due to gravity 


Remembering that the rocket engine 


nature, a thirsty device, the rocket engineer is mostly 


h thrust as he can for as 
} / 


small a flow of propellent as possible, and he would 


interested in getting as muc 


therefore re-write this equation 


/ 
WW 


He would want to make the left-hand side as large as 
_ and as vou can see, this means that the exhaust 
y on the right-hand side must also be as large as 


This. indeed, is the criterion for an efficient 


rocket engine 
Let us now consider the factors on which exhaust 


sing the gas laws, the mechanical 


elocily depends | 
equivalance of heat and Bernoulli's equation for the 


expansion of the gases in the nozzle, we can write 


it 


In this equation y is the ratio of the specific heats of the 
gases formed in the combustion process, G 1s a constant 





incorporating among other things the mechanical 
equivalent of heat, @ the temperature of the gases when 
they burn, m their average molecular weight, r+ the 
pressure ratio over which they are expanded 

From this equation you will see that exhaust velocit) 
depends on all these factors to a greater or lesser extent 
Simplifying somewhat, we find that in the main, the 
higher the temperature and pressure in the combustion 
chamber, and the lighter the gas formed, the higher the 


exhaust velocity will be 


hustion Chamber Pressu 


Combustion chamber temperature and m« 
weight depend on the propellents being used, 
combustion pressure depends on the design of 
rocket engine. Consider first the effect of pressure 
most designs this is usually a compromise, for wher 
a high pressure in the combustion chamber leads 
high exhaust velocity, it also introduces higher sti 
and other engineering difficulties. With nothing 
being altered, if one plots exhaust velocity 
pressure, one finds it increasing rapidly at fi 
then te level out, so that when a certain 
is reached there is little further gain in exhaust 


by increasing 1t much more. In general, it 1s fai 
rocket engines work at a pressure 
vere 1s little further gain in performance 


These pressures are, however, fairly high 


between S00 1000 Ib. in.* This means, therefore 

special means have to be provided to force the 
combustion chamber he pres 

required to do this is usually a few hundred Ib 


14 


higher than pressure in the chamber itself, b 


n order to § the propellents burning happily 
necessary to atomize and thoroughly mix them 

can usually best be done by forcibly injecting 

hrough a large number of small holes in the 

combustion chamber with a fairly large 

‘ 


Grop across 


The propellents have therefore 


each hole 

to be supplied 
combustion chamber at a high pressure, and tl 
be done in ays, either by pressurizing the 


which cont or by pumping them with mec! 


P 1] 
Will 


ecially if 
weight of the pressurizing 


the containers for it. Pressurized rocket engi 
this type have the virtue of simplicity, since the’ 


no rotating 


arts, but because of their heavy tanks 
{ 


r 
can generally only be used in small sizes and for sh¢ 


periods of ume 

The use of mechanical pumps largely overcomes this 
disadvantage, since the tanks then need withstand only 
the small pressure necessary to force the propellents 


into the pumps. Consequently they need only be of 


1-S million s.t. Ro 
Base, California 


light construction, and this form of propellent feeding 


usually mandatory for large rocket engines which have 
run for a long time 
Because of the large flows inv ved ind the i that 
| { . 


i2h pressures are 1 al 


} 
' , 


required, the pum} 
centrifugal type. Each propellent is fed into the 


» Used are 
effect a suitably designed paddl 
As it de 


the liquid rises, and furthermore 


ges the liquid outwards 


which the liquid leave 
el is converted by means of 
pressure 
centrifugal pumps are invariably driv 
turbine which itself is fed by gases formed by burning 
‘ +} 


some of the propellents in a small auxiliary combustion 


chamber gas generator. If the propellents were 


burned in the same proportion as they are 
chamber, the resulting ten 
re turbine to 
the propellents 
burn, but merely vaporize 
an icceptable temperature Once the 
ts job in the turbine it is exhausted through 
m which a small but useful amount of thrust 
ybt ined 


someti 


often they have to run at different speeds and a gear box 


the turbine drives the pumps directly, bu 
is therefore required. One of the main problems with 


such pumps is that of sealing, in order to prevent the 


p 
‘lents leaking down the drive shafts. This is 
important, since rocket propellents by their very nature 


are usually corrosive or inflammable, and it is therefore 


prope 





broadly 


re are those which do not 1g 
mix. Consequently som 


igniting 


t 


as a hrework OF : » be 
the combustion chamber to initiate c 


bustion Once this is done the propellents will go on 


tnis categ 


burning together for as long as they are injectec 


sd. In 
ry are the oxidants, liquid oxygen, nitric acid 





Static firing of the Thiokol LR-99 rocket engine used 
highly successful North American X-15 research aircraft 
constantly throttleable over a thrust range of 25,000 to 50,000 Ii 
and is capable of repeated restarts 
Thiok 

or hydrogen peroxide when burnt, for exam 
petrol or paraffin 

In the next category come those propellents 


t ret| 


ignite spontaneously when they are brought toget 


tee | 
and for which therefore no igniting device is needed 
As examples of these we have nitric acid with aniline 
Self-igniting 
propellents of this type simplify the combustion chamber 


and generally lead to smooth combustion, but they do 


or hydrogen peroxide with hydrazine 


X 


le 


impose the risk of a fire should they accidentally m 


outside the combustion chamber. Hydrogen peroxi 


used with kerosine can be made into a sort of self- 


e, prior to injection into 


, 
igniting system, since peroxid 
the chamber, can be catalytically decomposed into 


super-heated steam and oxygen so hot that when the 
kerosine is injected into it, it spontaneously ignites 

In the last category we have the mono-propellents 
chemicals which can be burnt and decomposed on theit 
Hydro- 


gen peroxide by decomposition comes into this category, 


own to form a sufficiently large quantity of gas 


while nitromethane and isopropylnitrate are more 
energetic examples of mono-propulsion 

Generally speaking, if mono-propellents are safe 1 
store and handle, they do not contain enough energy to 
give them a worthwhile performance. On the other 
hand, if they are sufficiently energetic, then they usually 
impose difficult safety problems 

The choice of propellents is invariably a matter of 
compromise to suit the particular application being 
considered. Of the oxidents, liquid oxygen is widely 
used for large ballistic missiles, mainly because it gives 
a high performance, is cheap, and fairly easy to handle 
Nitric acid has been used for small missiles, because 


like liquid oxygen it is cheap, although unlike liquid 
oxygen it has a low boiling point, and can therefore 
be stored for long periods of time even tn sealed con- 
tainers Hydrogen peroxide has been used for rocket 
engines in manned aircraft mainly because it can be 
decomposed before injection into the combustion 
chamber, this feature leading to a safe system and 


¢ 


facilitating variable thrust requirement and the need 


for repeated use 
Of the fuels, petrol and paraffin are widely used 
because of their familiarity and availability All the 
propellent combinations so far described burn at 
temperatures between 2000 and 3500 C.. giving exhaust 
velocities varying from 6000 and 8000 ft. sec 
There are, however, a number of other propellents 
which because of the improved performance they give 
and other characteristics they possess, are also now in 
USC As oxidents, nitrogen tetroxide, chlorine tri 
fluorine and even fluorine itself are being worked upon 
hydrazine and liquid hydrogen are among 
interesting 
Phe: liquid hydrogen liquid oxygen combination is one 
of which you should take especial note. With the 
exception of fluorine and hydrogen, this combination 
gives the highest possible exhaust velocity, namely about 
11,000 ft.’sec. and consequently is likely to be quite 
widelw used in future for space exploration lo apprect- 
ate why this ts so, one must go back again to the equation 


for exhaust velocity and note that 


This means that the lower the molecular weight of the 
gases formed in the burning process, or in other words 
the lighter they are 
be. Oxygen and hydrogen produce gases, mainly, of 


the greater the exhaust velocity will 


course, super-heated steam, which have a molecular 
weight appreciably lower than those formed from any 
other propellent combination As a result, these two 
chemicals used together produce a very high exhaust 
velocity, without actually burning at a very high tempera- 
ture 


The Nuclear Rocket Engine 


Liquid hydrogen by itself has another interest, since 
it 1s a very suitable propellent for a nuclear rocket 
engine which does not rely on the release of chemical 
energy, but instead heats all its working fluid using the 
energy of an atomic pile. Since no chemical reaction 
is involved, there is therefore a greater freedom in 
choosing the working fluid, and since in the nuclear 
rocket, as well as in the chemical one, exhaust velocity 
depends on molecular weight, you will appreciate why 
hydrogen is a suitable propellent. Using it and heating 
it up to as high a temperature as we can imagine an 
atomic pile working, exhaust velocities can be obtained 
which are three or four times greater than those possible 


in the best chemical rockets This really means that a 
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nto the coolant is a critical one, the solution of which 
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are its velocity at the time the fuel burns out (Vc) and 
the weight of the payload carried for a given rocket 
take-off weight (Mo) 
an equation of the general form 


These quantities are related by 
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horizontal distance from each other in the periodic 
table, provided that the molecular weight of the reaction 
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give the greatest energy release We normal y conside! 
oxygen as the oxidant in any combustion reaction, but 
other oxidants are possible and in some cases more 
efficient, e.g., an improvement in rocket performances 
should be expected if fluorine rather than oxygen were 
to be used as oxidant. Chlorine has a high moleculat 
weight and with it an improvement would not be 
expected. The high energy oxidants therefore appear 
to be limited to oxygen and fluorine, their mixtures 
compounds and possibly allotropes, e.g., ozone 

Tables I and II show theoretical performance figures 
and some physical properties of some of the elements 


hown in Fig. | and their compounds renerally 
and the 


superiority of hydrogen as a fuel are immediately 


high performance of fluorine and ozone 
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PHYSICAL REQUIREMENTS 

Improvement in the exhaust velocity of tl 
products of the propellent combination ts not the 
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propellent should be expected to heve mus 
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The density of the propellent combination s 
be high in order to reduce the size ¢ 
tanks for a given range of 
smaller the tank weight and the greater tl 
(M,,/M,) the better the performance 


The reaction temperature must not be so high as 
to cause insuperable chamber cooling problems 
Also one of the propellent components should be 
a good regenerative coolant, i.e., its heat capacity 
should be high and its thermal conductivity high 
It should be thermally stable and its viscosity 
should be low to prevent excessive pressure drop 
through the engine coolant passages and conse- 


quent large and heavy pumping gear 


It should be non-toxic and it should be insensitive 
to explosion or detonation; these properties make 
for easy handling 


The propellent should be capable of being stored 
easily; large batches can then be produced and 


remain “on tap” ready for use 
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point, the propellents should be readily available 
in large quantities, or the means for their produc- 
tion should be available or capable of develop- 
ment. Whilst some military and research re- 
quirements may be satisfied by the use of small 
amounts of propellents, the large-scale use of 
rockets will require enormous quantities of 
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hydrogen and have fair performance figures Ammonia 
has the disadvantage of a high vapour pressure which 
may make it difficult to use as a coolant and hydrazine 
is extremely sensitive and may detonate on heating 
Certainly hydrazine will be much more difficult to use 
as a coolant than ammonia and a hydrazine rocket 
engine should contain no dead spaces in the coolant 
passages. Hydrazine also has a high melting point 
though this can be decreased by mixing with ammonia 
at the expense of increasing the vapour pressure and 
lowering the performance. Methyl groups can be used 
to decrease its freezing point, as we have seen above in 
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The photographs on these pages are 
taken from the Soviet colour docu- 
mentary film, ““With Gagarin to the 
Stars.” which opened in London on 


3rd September 


S picture shows Major Gagarin’s “space-helmet™ to good effect 
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it is breathing cabin air at normal atmospheric pressure 


With electrodes attached to his head and body, Major Gagarin All set for lift-off. Major Gagarin appears to hold switches, one 
indergoes medical checks before his orbital 1 on of which may be for ejecting the couch from the spacecraft in 
emergency 
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Mating the two sections of the Vostok spacecraft 


} trelk | of the i wh . . "hy ‘ 
capsule (forward) is the part which contains the as Strelka and Belka, two of the animals which served as “path 
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1960 and were successfully recovered 
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Preparing Major Gagarin for his historic mission on 12 April 
1961 


An array of food containing concentrated vitamins, proteins and 
carbohydrates, some of it in “‘squeezable” plastic tubes The 
Television pictures of Major Gagarin are relayed from Vostok to screw caps are tethered in case they come loose in the cabin 


ground stations during the flight under weightless conditions 
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CONCLUSIONS 
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Consider for a start the problems arising from the 
Earth’s proper motions if were unlimited. 

There are three commonly known motions of the Earth. 
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sovereignty 
diurnal, annual and con- 
sideration of motion the common 
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would be difficulty in fixing what is mean effective height 
that the 


flexible 


noted in this regard Chicago Con- 


the definition of aircraft although 


would include 


measure, it 
the 


igreeing iS a temporary 


m atmosphere 
the 
surrounding the Earth 


pl 


iircralt deriving support ¢1 
Th 


atmosphere 


\ > > he 
where the 


the 


cond limit proposed is point 


into 


merges 


tenuous gaseous matter which is esumed to pervade 
» be a reasonable 
sull at 
How 


the 


fact 


all space Sixty thousand miles seems t 


limit for this purpose and, if the matter were 


fixed as a limit 
taken 
in 


launching 


arge, no doubt could have been 


often in these events have 


of the ¢ 
ited States and the | 


vel as SO CaASOS, 


hands of the legislators 


S.S.R 


from 


matter out 


both the Un are 


into orbit without protest anyone, and 


ipogees much beyond 1000 


satellites 


rt 


hese satellites do not have 


perigees are as low 


ol 


miles, while their as 90 miles or so 
a practicable pro 

the question indirectly 
olution ts gravi 
rf the Faria W ( id “ase 


-falling body in relation to the field of 


to exercise any 
same practical objections 
this 
to be 


as mucn 
particularly 


161.000 


as 


ibe miles 


point ul 
exact 


Returning 


it must be emphasized that international law 


now to the question ol the actual practice 


‘ 


i nations 


is such is based on the pri of nations. However, 


Michael Aaronson barrister who wrote in 


in 


urnal, has out that the international 


navigation has, in the twentieth century, been 


and adumbrates that 


aw must develop n 
shall term Outer Space 
ol 


llite 


th this point view 


various sate pro 


leeply concerned have 


th 


passed now sufficiently 


ichieved the status of a 
le Russian point 


» far as orbiting 
yrinciples apply 
icomitant, they 
obviously must clan ight to project such satellites 


I he 


right to the extent 


into orbit own atmosphere 
United States 


of being al ough the Cuban airspace 
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or, at least, the right of free for bits of 
their destroyed rockets on their way to the ground! 

The fact of the matter is that just as the modern law of 
the navigation of the high seas developed under the 
of the practice of the deeply 


involved in such navigation, and particularly under the 


passage 


stimulus nations most 
SO 1t 1S 
they 


determine 


pervading fact of British command of the seas, 
the 


will 


not impossible that, if developments go Way 
appear to Russian 
largely the details of the rules of international law as 
This not that I 
necessarily believe that this is what will happen: I have 
energy ability to 


be doing, practice 


applied to Outer Space does mean 


too much respect for American and 


imagine that they will not make tremendous efforts to 


iw 


catch up any leeway there may be, and we may yet have 


the spectacle of a period of freebooting in space com 
parable to the Elizabethan privateering 

To summarize the position as it stands at the moment, 
it appears that each national state has the right to control 
height 
which 
fly This 


where 


however defined, to a limited 
determined the the 


ordinary commercial or military aircraft can 


its “airspace,” 


at moment by height at 
much was determined by the case of the U-2, 
America did not trial 
the Russians. It 


however, to add that President Eisenhower did in several 


protest at the of its navigating 


pilot by may not be unimportant, 


semi-official speeches claim indirectly the right to send 
observing aircraft over a nation which would not allow 
other nations freely to inspect their territory or which 
kept ther military installations a close secret 

It would also appear to be established that 
the right 
into orbit around the Earth at least 


any nation 


has to project what we shall call “satellites 


through their own 
airspace and, possibly, without causing damage, through 
the airspace of other nations As a corollary, one must 
accept that such satellites, if equipped with observing 
apparatus such as high-powered telescopes and _ tele- 


The 


appar- 


metring equipment, would not infringe this rule. 
U.S. Nobody 
ently objects to any nation taking photographs of the 
other side of the Moon! 


weather satellites establish this 


the line between the 


and, 


first 
no 


where we are to draw 
the 
ave to be worked out as reaction craft fly 


lower and 


Just 


conception and second is difficult to say 


doubt will h 


higher and higher and _ satellites 


perigee 


; 
‘aving this aspect I would like to point out that 


» ry le » » y} ‘— 
S gaseous envelope is dragged yugh space 


with the Earth, and it might be possible to fix “‘airspace” 
of the 


Its proper 


reasonable height involving only such 


atmosphere as 1s dragged with it in 


This, 


and this is what ultimately 


motions in practice, would involve fixing a 


he 
height 


seems to be involved 


as a result of current practice Again, the height thus 


proposed may be too high 


If my view of the position is correct, the matter does 


not end there. Two immediately practical problems 


are the evolution of a code of practice for space naviga- 


tion analogous to the Rules of the Road at Sea, and the 





general international regulations agreed on for the 
purpose of enabling all those entitled to make reasonable 
use of the high seas and contiguous ports or analogous 
to present international air navigation rules. Among 
the more important details would be: use of “‘space- 
ports,” damage by matter falling from satellites or passing 
spaceships upon territory other than that of their own 
sovereign state and, by extension, damage to private 
persons by similar activities of either foreign or own 
national spaceships. To this would be added certain 
problems arising out of the repatriation of astronauts 
forced down in foreign territory and their internment 

Before passing to the final chapter of this talk, which 
will Geal with the right to acquire and possess other 
celestial bodies or parts thereof, it may be as well to 
consider briefly the implications of some other matters 
arising out of the increased use of satellites 

One of the first problems will be that of the allocation 
of radio frequencies for use by satellites and spaceships 
This should present no more difficulty than the present 
provisions relating to telecommunications. Just how 
far any nation or individual would have the right to 
appropriate the picture relayed from a satellite, assuming 
he could construct an apparatus capable of displaying it, 
is problematical, but on the analogy of television it is 
difficult to see how he could be prevented from viewing 
Making a permanent 
There will obviously 


or discussing what he had seen 
record may be another matter. 
have to be a lot of ad hoc legislation before a coherent 
code can be worked out. Similar considerations apply 
to T.V. or other relay satellites in fixing positions. How 
far are other nations entitled to make use of them as 
reflectors? Of course a lot would depend on _ the 
possibility of proving that there was deliberate inter- 
ference or use as against fortuitous use. There was, 
apparently, some radio interference by the first Sputnik 
How far can this be tolerated on a large scale, however 
much we may be prepared to put up with the relatively 
minor interference up to date’ 

I have only propounded the above for the purposes of 
indicating the scope of the problems confronting us 
before we leave the Earth, or before we leave its im- 
mediate vicinity. I will close this talk with a few 
remarks concerning the problems we are likely to come 
up against in exploring beyond the immediate vicinity 
of the Earth. 

Our nearest neighbour is, as is well known, the Moon, 


) 


and our first problems are likely to arise in connection 
with landing on the Moon. I disregard claims which 
may be preferred by those who first land such apparatus 
as “probes” and unmanned vehicles and the rather 
shaky titles of those selling real estate on the Moon 
The more difficult question will arise when there is an 
actual physical landing if we can refer to “landings” 
on the Moon. It seems fairly clear that on the Moon 
we are not likely to be confronted by indignant races of 
Moon-men (or women!) resenting our intrusion, so that 
the problems which arise will be those arising out of 


effective occupation 


The main contenders in the space race have each made 


pronouncements that the exploration of Outer Space 


should be conducted under international auspices free 
from territorial claims, but, however sincere these 
pronouncements may be, the practical problem of secur 
ing such co-operation is so obvious as to need little 
elaboration. It may be possible to demarcate zones, as 
is done at the present time in the Antarctic, for the 
exploration of the Moon’s surface, but this will undoub 
tedly not be practical politics until at least two nations 
have permanent or semi-permanent stations on the 


Moon’s surface. My own view ts that the first nation 


on the Moon will undoubtedly set up wide claims, such 
is those of Australia to the Antarctic. It will be difficult 
to dispute these in fact until some other nation lands 
there After that. no doubt, the doctrine of effective 
occupation, which 1s recognized by the U.S. in regard to 
the Earth’s surface and ts probably recognized by the 
U.S.S.R.. will come to be the recognized doctrine 
CI 


remain verbal and that the rivalries of Earth are not 


ashes are inevitable and it is to be hoped that they 


transplanted in an acute form to the rest of the Solar 
System. As regards the legal position, however, it 
cannot be said that there is any consistent body ot 
Effective 


occupation seems to be the most likely contender 


opinion on the matter at the moment 


The remaining matter to be considered is: what if the 
celestial bodies are inhabited? I do not propose 
to devote much time to this as the possibilities are 
remote and will have to be left to the future. It would 
seem, nevertheless, that Haley’s principles of ‘No 
Injury” and “Invitation” ought to be applied in a 
modified form. That is to say, we should do everything 
in our power not to bring harm to any of the inhabitants 
of such celestiai spheres as may be inhabited by rational 
beings, and that in so far as possible, if it 1s clear that a 
celestial body is inhabited by rational beings, wait for 
some clear invitation to land to be given and landing 
places designated before any descent on to the surface 
is made. It is again sincerely to be hoped that man’s 
trail into the heavens is not to be marked by the past 
injustices accompanying the incursion of alien races 
into other people’s territories. [| am not confining 
myself to the expansion of Western nations in this regard, 
for all relatively advanced nations are at fault in this 
matter The Australian Aborigines expelling the Tas 
manians, the Maoris the Moriori, the Malays the Sakai. 
the Aryans the Dravidians, the Bantu the Hottentots, and 
ourselves the Aborigines. I only hope, as I said, that 
these mistakes will not be repeated. My studies of 
history do not lead me to believe that they will not. 


Note: /n discussion it was suggested that any height fixed 
should be measured from the centre of the Earth 
radially rather than from the Earth's surface and that 
practical problems of ebservations to determine whether 
trespass into airspace had occurred might he limiting 


factors as re gards the sovereignty over au space 





Unchanging Moon? 


By JOHN W. MACVEY, F.R.A.S 


As many of the names of lunar formations and features 
would suggest there was a time when the Moon was 
regarded as a world not greatly dissimilar to our own 


Such terms as seas. oceans, bays, etc so freely given 


! 


bear eloquent testimony to this period. However, as 

optical powers increased and methods of physical 

measurement were developed, the oelief that our satellite 

a stark and most forbidding world came 

into increasing Today no one would 

eriously suggest that the picture as now presented ts 

entially other than fundamentally correct. Never 

ver the years of the last century certain peculiar 

1anges have been reported which might seem to indicate 

the surface of the Moon ts not cast in quite the same 
changing mould as some have believed 

From a point some quarter of a million miles distant 

is far from easy to do much more than guess at the 

sasons for most of these alleged changes and it would 

seem that for confirmation and explanation the astron- 

ith his telescope must perforce turn the 

with his spaceship Such investigations 

latter might not only cover those features which have 

reputedly shown change, | also a few for which a 

] 


valid explanation origin 


With the advent of manned descent on the Moon now 


is not easily forthcoming 
surely only a matter of some years distant, such a subject 
becomes of increasing interest and full of unique 


possibilitie 


T. W. Rackham 


It may be desirable, therefore, to dwell (of necessity 
somewhat briefly) on some of the principal changes 
he surface of 


the Moon within fairly recent times, and which on 


account of their enigmatic nature could perhaps be more 


which are reputed to have taken place on t 


adequately investigated and rationally explained by a 
lunar expedition. It seems fairly logical to assume 
therefore, once lunar bases have been firmly established 
and general lunar conditions studied, that Moon-based 
selenological expeditions may well give some measure 
of priority to the investigation of these perplexing 
phenomena which would appear to have taken place ona 


“dead” and allegedly unchanging world 


Linne (Linnaeus) 
This crater located on the Mare Serenitatis provides 


one of the classical instances of a change having taken 





place on the surface of the Moon. It stands out against 


the darkish background as a small whitish spot which, 


by virtue of its lack of height, casts no perceptible 
Shadow. In 1843, however, Schmidt reported Linneé 
as being a crater some 6 miles in diameter, with an 
estimated depth of 1200 ft. In fact he and several other 
contemporary observers made practical use Of it as a 
reference point on the otherwise smooth surface of the 
“mare.” Almost certainly Linné would not be so used 
today Any possibility of locational error would seem 
to be ruled out since the position of the white spot now 
coincides with that given in 1843. The most recent 
reports on Linne indicate a central craterlet in a bright 
patch plus a slightly smaller second object attached to its 
south wall.':* There would even seem to be a 


bility that a ¢/hird small crater exists.* 


{/hazen (the original) 


{ +} { 


The case of this crater is somewhat familiar to that of 
Linne. It stands on the western border of the Mare 
Crisium and had a diameter as estimated by Schroter of 


some 23 miles. It too found use as a reference point 


and so must also presumably have been a fairly con 
By the time of Madler, however, it also 


had largely vanished leaving in its place merely a minor 


spicuous object. 


As a result of its now 
insignificant character and dimensions, Miidler trans- 


depression between two peaks. 


ferred the name to another crater some way to the south 

In both the cases of Linne and the former Alhazen 
some form of seismic disturbance seems the most likely 
One might even be tempted to use the 
term “moonquake™! 


explanation 


Plato 

Lunar sunrise over this particular crater is very 
like sunrise over any of the others. The ringwalls cast 
long shadows which become progressively shorter as the 
With most 


craters this is the inalienable pattern leading eventually 


Sun climbs steadily higher in the lunar sky. 


to a flat virtually shadowless effect from which it is much 
less easy to pick out detailed features. In the case of 
Plato, however, there 1s a remarkable difference As 
the terminator (demarcation line between light and 
darkness) advances, the floor of Plato becomes not 
lighter but darker until at full lunar noon it is intensely 
black. Several theories have been advanced to explain 
this rather remarkable incongruity though it must be 
admitted that none of them seems particularly plausible.* 


These are as follows 


(i) the evaporation of moisture to form a light 
absorbing mist: 
the presence of melting ice 
the existence of crystals with rather freakish 
optical properties. 
The first two by implication demand the presence of 
water in some form or another. From what is known 
of the Moon this seems at best improbable. The third, 


if it is to be seriously entertained, requires the granting 
of a certain amount of licence in the fields of chemistry 
and crystallography! 

Many modern observers today, such as Haas, have 
contradicted these earlier assertions regarding Plato. 
Yet it seems improbable that all these older observers 
could be mistaken. Far from being a minor feature 
about which some dubiety might have been expected, 
Plato is, in fact, a particularly conspicuous one. In all 
fairness it is equally unlikely that all the modern observers 
are wrong, and consequently one feels tempted to suppose 
that some form of change may indeed have occurred 
It is also appropriate to mention that several experienced 
and reliable lunar observers attribute the darkness to 
obscurations caused by local features® —a situation not 
wholly unknown on the lunar surface. This seems 
considerably more plausible than some of the other 
explanations. Nevertheless, the case of Plato remains 
an interesting and intriguing one 


Eratosthnes 

[his is a typical rather beautiful crater some 38 miles 
in diameter with a depth of over 16,000 ft., in which the 
famous Lunar observer, Pickering, repeatedly reported 
the existence of greyish spots in motion. The degree of 
reliability to be accorded to this may well be’ a moot 
point! Nevertheless in any such discussion it seems 
worthy of mention. Once again in quest of an answer 
the presence of water this time in the form of clouds 
was suggested. Another theory attributed the pheno- 
menon to lunar vegetation springing up and then being 
rapidly killed off by the heat of the Sun. Gas or vapours 
emanating from some deep fissure would seem a rather 
Pickering 


himself produced an incredible hypothesis involving 


more logical and rational explanation 


masses Of migrating lunar insects! 


u Cerne 


This particular instance involves one of twin craters 
some 50 miles across, outside the western wall of Regio- 
montanus. Near the base of the inner north-east wall, 
Beer and Miadlet reported the presence of a bright spol 
which according to them rivalled in brilliancy the famous 
crater Aristarchus. Today it 1s much less brilliant 
and, whatever the reason it has certainly faded markedly 


during the passing of the last century. 


Petavius 


borders of the Mare 
Foecunditatus in which many reliable observers in the 


This is a large crater on the 


past reported a distinctly blackish area on the floor 


Today this cannot be traced 


Messier and Pickering 


Though described by Beer and Midler as being 


almost exactly alike, today these two craters could 


ardly merit this description, for the latter is not only 





t considerably more distinct This is, however 


here the evidence 1s none too reliable since both 
ach lunation, a factor which 

to the changing illumination 

e is a further probable 

concerning Messier since it has been described 
on some occasions as being seemingly “‘full of 


oO, the possibility of some 


Here again, if this 1 


pour escaping might profitably be considered 


sin diameter 


has providee 
id of activ 


Astrophysical Society 
central peak was seen 
wing reddish cloud 
ipproximately 30 min 

putable evidence of § is emission was show! 

pectrographically, implying a fairly considerable tem 


perature rise In short e entire manifestation bore a 

ry marked resemblance to some form of volcan 

Quite soon reverted more or less 

though ervers reported definite 

tence of a small reddish 

¢ he central peak. One or 

on the other hand were unable to confirm this 

inferred, however, that this patch repre 

at high temperature, and a rational 

ition might very well be that it was due to material 
luring the outbreak 

ntire pl enomenon nds to give a rather interest- 

to the question of crater formation — meteoric 

d-vis igneous theory, imasmuch that it tends 

tter.° It is also worthy 

prior to this phenomenon 


had been suspected in 


ar feature cannot be classified as a crater 

the nature of a depression approximately 
iameter. It was first reported by Klein in 
Oddly enough this same obscui ver had scrutinized 
yn for about a dozen years prior to this without 

Neither was it shown on any lunar map up 

hat Klein felt safe to conclude 

The same region had also 

itedly drawn by Schmidt 

entury, and it Is interest- 

ing to note thi the same position he had at times 
recorded a bright spot vers a dark one and quite 


frequently nothing at all From this evidence he too 


HEY 


concluded that a change hi taken place 


Several other instances might be added to those already 
quoted, some of dubious validity, others with more 
claim to serious consideration. But perhaps these few 
may serve to indicate that the first voyagers to the Moon 


may well have a few surprises in store 
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A Super Echo 


The National Aeronautics and Space Administration 
has negotiated a contract with the G. T. Schjeldahl 
Company of Northfield, Minnesota, for the design 
development, fabrication and testing of “rigidized” 
inflatable spheres for its passive communication satellite 
programme, Project Echo 

The contract for approximately $400,000 will be 
managed by N.A.S.A.S Langley Research Centre, 
Langley Field, Va., under the direction of the Goddard 
Space Flight Centre, Greenbelt, Maryland, the N.A.S.A 
installation responsible for the communication satellite 
programme. Schjeldahl fabricated the Echo I satellite 
for N.A.S.A 

The spheres are to be fabricated of laminated alumin- 
ium foil 0-002-in. thick on each side of a layer of Mylar 
plastic 0-00035-in. thick. Each rigidized sphere will be 
135 ft. in diameter and weigh approximately 500 Ib 
Unlike the lighter weight, 136-lb., 100-ft. diameter 
Echo I satellite, in orbit since 12 August, 1960, the 
heavier rigid structure is expected to remain spherical 
without internal pressure 

For maintaining thermal balance of the sphere within 
electronic operating conditions when orbiting in direct 
sunlight, the satellite “skin” will have a thin, uniform 
coating of black paint on the inside and a dotted coating 
of white on the outside. The white surface will reflect 
excessive heat, while the black inner surface will distribute 
heat to maintain uniformity in temperature throughout 
the satellite’s interior 

Sub-orbital tests of the ejection and inflating mechan- 
ism of the rigid spheres will be made from the Atlantic 
Missile Range using a Thor rocket. The first rigidized 
Echo passive communication satellite will be launched 
into a 700-mile orbit from the Pacific Missile Range 


using a Thor Agena B vehicle during 1962 
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Saturn Launch Complex 54 


launen 
vertically on 
mating with uppel 
al weeks al the complex 


f ts and verifications ha 


oO check-ou 
Unlike many smaller rockets, thes« 
s will be made entirely at the launch 


nearby hanger: the latter will be 


near future to support later Saturn 


vehicle, to be launched from. this 
a two- and sometimes three-stage 
epending on the mission, it will measure 

base and stand some 160 ft. high. The 

thick which weighs « ass ht will be about | million lb. The booster 
will develop 1°5 million Ib. of thrust, about 

four umes greater than any vehicle yet fired by the U.S 


i A second-generation rocket—the Saturn C-2~— will 


efficient fuel and liquid oxygen storage facilities 
which are capable of pumping 750,000 Ib 
fluid into the big booster in less than an hot 





have considerably more power and will be able to more 
than double the 20,000-Ilb. Earth-orbital capability of 
the C-1. Some later C-1°s and the C-2 will be launched 
from another launch Complex (37), located nearby, 
which is now in the initial phases of construction. 


Salient features of the major elements of launch 
Complex 34 are as follows 


Servicing gantr) This is 310 ft. tall and has twin 
legs measuring 70 by 37 ft. wide at the base The centre 
opening, in which the rocket will be situated during 
check-out, is 56 ft. wide; each of the legs contains a two- 


floor building which houses the structure's operating 


equipment and rocket check-out apparatus The struc 
~ sail ‘or : ; The nearly completed blockhouse 


ture weighs 2800 ton 100 tons of which 1s Stee 


National Aeronautics and Space 
Cost of the tower was about $4.000.000 


The structure provides a means of erecting the rocket 
on the launch pedestal. It has a bridge crane of 60-to 
capacity, with two individually-operated hooks having 


capacities of 60 and 40 ton For checking out and was used; the result was a relative density of 
servicing the rocket, the structure has a work deck at foundation area 

the 27-ft. level (at the base of the booster) plus After check-out of the rocket is completed the service 
fixed platforms at various elevations. There are also structure will be moved to a paved parking area— the 
five movable, horizontally-retracting, platforms which position it occupies at launch- some 600 ft. away 
be adjusted to embrace the vehicle at any desired During movement, a_ hydraulically-operated beam 


between the carriages and the tower support points 

world’s largest movable wheeled equalizes the load among the carriages precisely. The 
he tower is mounted on two pairs of standard hydraulic cylinders are then used to jack the tower up 
railway tracks. There are four carriages, each to effect the tie-down or anchor arrangement; the 
36-in. diameter wheels. Four 100 horse 2800-ton structure is lifted 2 in. The tower is anchored 
which drive the carriages are powered by a at steel piers by huge wedges, hydraulically driven, to 
generator installed in the structure. The ‘nable it to withstand hurricane winds of up to 125 m.p.h 

controlled by a single operator, situated 

is capable of moving from it) huilding. The Saturn control building is 

o 40 ft.) min very similar to the blockhouses built at Canaveral for 
Supporting the paratiel set ails are two mammol Titan and Atlas missiles. It has 12.500 ft. of protected 


it deep 10 ft VICE and 538 ft long 1} floor space on two levels and an additional! 2150 Sq it 


ind \ structure area Was com of unprotected space in an equipment room which will 


the “vibro-floatation not be occupied during launchings. It is a circular, 


arly 7000 cu. yd. of hardcore material domed building 156 ft. in diameter, with the ceiling 


26 ft. from the floor The inner dome, or loo.” Is 


of reinforced concrete, 5 ft. thick. 
On top of this is an earth-fill which 
centre to 14 ft. att 


] 
' 1 . ' 


le edges he val layer ts 


I 
| _. 
inned concrete For blast deflection 


purposes 
of 35 degrees from the top The main 
entrance docr, of steel and concrete, weighs 23 tons 
building is designed to withstand 311,000 Ib 
sq. ft There are two alternative mean 
exit 42-in. concrete pipes 
for air intake The 
n the building 
floor of the building is to be used by boostet 
and upper stages contractor personnel involved in track- 
ing and telemetry operations. Technical and building 
utilities, rest rooms, etc., are also located there 
On the second floor, the main firing operation will be 
completior conducted. Equipment includes firing console, test super- 
sdministrat vision and conductor consoles and various monitoring 





and recording panels. A small observation room Deflector. Beneath the launch pedestal is a_ rail- 
separated by glass from the operating area. Pre mounted flame deflector. This !20,000-lb. steel struc- 
launch activities in the area can be viewed from an ture diverts the 5000 F. jet stream in two, opposite 
observation balcony on top of the control building horizontal directions. The deflector is 20 ft. high and 


, — SO ft. long: the deflection angle beneath the engines 1s 
Launch pad. This is 320 ft. in diameter. It is con- , , 
60 degrees. When not in use, the deflector is parked 
structed of reinforced concrete 8 in. thick. As indicated : 
. ; , on rails away from the pedestal \ spare deflector 1s 

earlier, special foundations have been provided for tl 

opposite side of the pedestal. 

service structure and the launch pedestal, the two 
of the pad where there is great stress. In the | Adjacent to the launch pedestal ts 
of the flame deflector, the pad is paved with refractory the umbilical tower, the main 


brick to protect it from heat. The pad has a perimetet provide electrical and pneumatic lines to the rocket 
Complex 34 tower is only 27 ft. tall. It 


function of which is to 


flume for taking away surface water, and_ possible At present the 
propellent spillage will be increased in height as live upper stages are added 
to the rocket. The tower is 24 ft. square at the base 

Pedestal. \n the centre of the '!aunch pad its _ the t can be increased to about 275 ft. in height.) There 
pedestal from which the Saturn will be fired. It is a es el bridge and a cablewav connecting the umbilical 
structure 42 ft. square and 27 ft. high The pedestal 
foundation contains 4400 cu. yd. of corcrete and 580 


tons of steel. The foundation is 160 by 106 ft., with 


tower to the launch pedestal. 


ound control station There is a room, 


lepth varying from 8& ft. at the centre to 4 ft. at the edg automatic ground control station, immedt- 
Ul 1 ¥« me Vl 1 AI U bt. tilt CUES ’ 
; J men tl nai f gp 
[he top of this foundation is 9} ft. below the surface of “ae a major portion of the launching pad. 
the pad. The earth-fill between the foundation and the ine west cage of the pad eastward 
surface of the pad illows for the passage ) in’ he control building, avoiding the launch pedestal 
ic c ' LHt « < UV « ak 4 
is 215 ft yand 38 wit : 
services, ¢.g., high pressure gas and fuel lines is 215 ft. long and 38 ft. wide ; cesling 


Rising from the foundation and extending to 
about the pad are four concrete and steel columns, 7ft 


\7 heig ; t. It serves as a distribution point for all 


ty 
| 


measuring and check-out equipment, power, and high 


pressure gas. Included is a generator room. which 

‘ provides ).¢ ‘ Jowe le om Is not 

bearing ring and anchor bolts for the rocket support provides I ind A.C. power. The roon ; 
occupied during launching 

A tunnel 


I 
racks of cables, extends from the automatic ground 


+] 


and 4 in. square. To these columns are attached the 


arms The columns are protected from the rocket’s 
blast by insulated steel line plates or personnel, and for passage of a dozen 
Bolted to the ring at the top of the pedestal are 


irms Four of these are used ely to upport control station to the other side of the pad The cables 
all alt’ + St ! 


} afe th I fed inte i ooted b Cwayv wnl le 1 1oO th 
weight of the rocket, while the other four both support - _—s » a roofed cableway which leads . 


1 
ntrol building 


the rocket and restrain it from lift-off until the proper = 
burning condition has been achieved by all eight Satur: Fu le) RP-1 fuel (kerosene) is supplied to the 
engines. These arms are fabricated of steel and ar booster from two above-ground tanks located about 


automatically controlled during the launch sequencs 950 ft. from the launch pedestal. The tanks are 15 ft. 


frontiers of the future 


Following the opening of the space era, FLIGHT was first to introduce 
regular special section—‘Missiles and Spaceflight”. As develop 
ments come ever faster, FLIGHT maintains the most comprehensive 
nd detailed weekly news coverage, supported by many illustrations, 
tative features, accurate cutaway drawings, and translations 
Russian sources. For the fullest reports of space progress, 


LI is Thursdays Is. 6d. 
a F 








1) CAM 
trogen and 
the Saturn 
! about 1100 ft. from 
control building 
are thirty-six 154 cu. ft. (water volume) storage 
ssels divided into two groups. Four vessels contain 
helium used for bubbling the LOX tanks of the booster 
to keep the LOX from forming strata of different temper 
itures Thirty-two tanks contain nitrogen which ts 
sed for purging fuel and LOX lines, engine and instru- 
nent compartments, for alr bearings and for certaim 
pressure-operated components such as valves All of 
programm these tanks operate at 6000 Ib. sq. in 
two liquid oxy Other equipment includes two helium booster com- 
from pressor units, which take helium from trailers and boosts 
t » the desired pressure level: there are also two 
trailer-mounted converters to change liquid 
gaseous nitrogen, each having a_ 1000 
capacity \ total en double extra heavy 


ne the gases tne launch pad they 


irom < , in All gas distribution ts made | 
itomatic ground control station, rem 


; 


rom the control building 
An additional gas facility is planned 
iunch pad, which will provide 600 cu 


capacity for gaseous helium, to be used for pressurizing 


booster LOX tanks There will be a total of twenty- 
23 ft 


ng basin \ skimming basin ts located about 


sels. 16 in. by 


300 ft. from the edge of the pad on the beach side This 
Is a paved val 104 by 180 ft which is used 
separation of water and fuel resulting trom 
from unloading booster fuel 
Water system A water system has been installed on 
pad and throughout the service structure, primarily 
1 safety measure. Water is available at all work 
on the tower for fire protection. There is a “pad 
lush” system to wash away spilled fuel t the launch 
il there is a quenching system for use | ise fire 
occurs accidentally the “boat-tail” com 
This system ts al ised event back- 
entering the engine compartment 1n case the 
cut-off immediately after ignition and betore 
our 3500 gal/min. nozzles are being installed 
at the pad surrounding the rocket at about 100 ft 
distance, as a general fire protection measure 
Operating support building On the opposite side of 
e control building from the launch area, an operations 
support building is under construction This building 
contains about 30,000 sq. ft. of floor space, and will be 
ised for general shop and engineering activities, and 
xare parts storage 


Communication systen \ voice communications 


system is being installed by the launch operations 


directorate The system is designed for clear, reliable 
voice transmission regardless of high noise environment 
The system will consist of up to 200 stations scattered 


throughout the 45-acre installation 
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a stabilizers can keep the rocket on course In space, how 
Reviews ever. a “far better” way to obtain stability would be “to 
build the rocket-motors into the fore part of the vehicle, thei 

ets leading into the open through something like gills.’ 
So the early pioneers were not the only ones to think 
erroneously that mounting the motor in this fashion gives 
iutomatic stability And what better way to saturate the 

Atlas of the Other Side of the Moon Editors ship with radio-active exhaust! 

Barabashov. A. A. Mikhailov, Yu. N. Lipskty lo decelerate his spaceship, Mr. Schroeder, considers that 
mon Press, Ltd., London, New York, Oxford aris ie “only possible way to solve this problem ts to build two 


photograp ‘ ‘ts OF rockel-motors into the ship one set at each end, one to 


196] 171 pp. witl iagrams am 
Sk propel it and the other acting as a brake 
On 4 October, 1959, the Russians success \s his spaceship develops, the braking rockets are replaced 
Il whicl accomplished the first un-mant ircur DY cl eine for starting and landing manoeuvres in 
n of the Moon Equipped with ittmosphere lo 
instruments, iding photographic 


Lunik II] photogr 


estrial gaze on comn 


keep these within reasonable limits, the 
spacesni s designed to take-off horizontal preter ibly from 

in the manner of flying boat 
ipported on fin- k vings In addition to these motors 
tnere probably C I acting j ht-angles to the 
me in useful > spaceship shou 
Steering rockets (additional to 
both the front and the reat 


ns reproductions o 
describes the methods ' din studyit 


, ful suggestions and idea 


icult problems takin re phe 


cessing them, transmitting them, deciphering Ut 
th 


sought after for one’s own 
ng ever only to make one 


Br 


orientating them correctly, ¢ f extracting 2 : 
f, +l itish Interplanetary Society 


contained therein from t 1oise”” are fully 
arouse | e reader ise Of admiration 
the ingenuity involved 

Charts are given of the features discovered 


ot theu mpal \ eliability In addition 
a ; . in the he ‘de of our s ; ’ 
the tormations |! ] the other side of " € C , } yy nt and Hubertus Strughold 
included, this } being in three sections oO re 
degrees of | i ty Ihe formations are ational Geophysical Year 
ded to hold second International Symposiun 

ind Medicine o i Atmosphere ind Space 

} 5 it San Antonio, Texas 


to some sVMUO screntists 


| ¢h 


appearance and are pretea ier Coord 
n addit 
No doubt this fi yn of photographs and intorm 1 rest in 
tion will be augmente ) ture surveys of the lur 
both Russian and t ithors of these papers were 
volume forms a worthy record of an outstandingly 1 t j all special in eir OWN par ar field 
This book ts a record se papers and one w 


n Yad} | y 
of science and tech lOlOgY 


America 


lagine that could only comprise a series of disjointed 
ticles 

of the book. however. have taken great pains to 

papers in such a manner that one can readily 

ices and problems of spaceflight 

papers deal with the environmental hazard 


The Moor By Wolfgang Schroeder 


must be considered when spaceflight is envisaged; these 
191 pp., 18s 


range from 1 ation to the effects of ozone on man and 


Quite early in this book Wolfgang Schroeder com: materials 
The only obstacle to real space travel which ts of conseque Next are considered the possible propulsion system 


is our lack of an efficient method of propulsion for the space required for putting a space vehicle into orbit and the best 
ship.” Few will dispute this, because, given unlimited ways of ensuring that a launch would be successful 


sower, all other problems confronting us could undot , As one would expect, several papers are devoted to the 
| | 
be solved, even if somewhat inefficiently 


to state that there is no indicatior wide range and include man’s adaptation to altitude, weight 


problems confronting the astronaut These cover a vers 
The author continues 

that such a methad is being developed at the moment. or t lessness, nutrition and other physical aspects that will have 

one is likely to be found in the near future But, one ay to be overcome 

someone will have the “brilliant 1idea”” which will provide Following on from this are papers dealing with the problems 


solution, and in the author’s mind there is no doubt that that arise should it be necessary to rescue the astronaut during 
will be a form of atomic-rocket motor converting nucle i launching failure, in flight or on completion of a successful 


energy directly into electricity, instead of heat 


This, t : mission 

technical possibility One of the main objects of spaceflight is to explore other 
However, “armed” with this as yet undeveloped motor, Mr ane the Moon, Venus and Mars being probably the first 

Schroeder goes on to devote a great part of his book to a nets to be considered. Papers have been written giving 

detailed description of what he considers, very strongly, will known information on these planets and discussing the 

be the optimum spaceship And this, to one brought up u possibility of their supporting life of any kind 

the B.I.S. school of thought, as was the reviewer, make The concluding papers give the viewpoint of the engineer 

strange reading indeed and physician with respect to spaceflight. Both are in agree 
The general practice, Mr. Schroeder explains, of puttir ment that whilst many of the problems can be overcome by 

the rocket motors at the rear of vehicles, is “perfectly in order imulation tests on Earth, the final answers can only be 


as long as the rocket remains in the atmosphere, where ichieved by actual spaceflight 





In the last trides have been made in 
this field and a al ive sut intu orbit and successfully 


retrieved S “ the problems outlined in_ these 


paper lave bee n Whilst it is agreed that the 


to do sotor 


hould be 


} 


! lig 


s of spaceflight 
¥ oF the paper 
ented should make 


hookshel! 


{ Primer of Spa Vie 


Monographs, Elsevier 


Ihe best feature of this book ts recognition and stressing 
of the development of space medicine from aviation medicine 
Great names of the past (Paul Bert, Tissandier and his ill 
ed colleag ies) and ol the present centul ire paid due 
spect: the book is dedicates Profess¢ Jongbloed 
troduction (first of four parts i t i Straight 
ird tatement of the 

ICCICINE particularly 

itmospheric pressure 
proble is In manned orb 

ineaven in the amount ttention giv 

climatological factor A concept of von Braun 
veel-shaped satellite revolving continually around the 
terminator (surely a difficult state of affairs to main 
used as the peg on which to hang much of the 
physiolog cal speculation A meaty chapter on the phy siology 
of the sense organs (specifically, the organs of balance) pays 
copious tribute to the contribution made by the Dutch school 
this field Part Ill reviews 


e icceleration, \ tion and notse—which afflict 


% neurophysiology to resea 


pace traveller during tual flight between Earth and 
vil Ihe topic of re-er - cursory 
mentior The final section ot the book su narises some ot 


the outstanding problems of space medicine and commen 


tu isly on certain aspects of long range interplanetary 
flight There is an extensive bibliography which, in common 
vith the rest of the book, is in the main factually reliable 
ilthough marred by typographical errors 
Although much wlarship has gone into this neatly 


produced little book from two maior defects which 
are singularly unfortunate in a textbook entitled as a “‘primer 
These defects are firstly, unreadability and secondly (despite 


the assertion made at the beginning of Chapter 9), an exces 


ot specul tive digression It is a difficult book to read. even 


for those who already have some grounding in aviation 
physiology The presentation of materia! is often inconcise 
ind rambling—particularly in the opening chapter and in the 
sections dealing with the satellite “‘microclimate,” the physio 


ind man’s acceleration tolerance 


logy of the sense organs 

Possibly the text has suffered tn translation but the style of 
writing, embodying a curiou t between turgidity 
and raciness, is frequently Jargon words are 
unashamedly coined 


‘The break-off’ pheno 


used liberally OCCASION 
(On p. 149 it is stated in 
menon is discussed The Mm ¢ ais suggested for this 


phenomenon as being sonant with medical 


parlance 

There is in this book much personal theorising by the author 
which interests but doe curious digression 
it the beginning of Chapter brought out that 


specific gravities become zer lurit eightlessnes is both 


confused and confusing. It must be conceded that when 
Dr. Lansberg is indulging in his own personal trains of 
thought, he is as a rule scrupulously careful to say so. But 
it seems inappropriate in such a slim and ostensibly elementary 
volume to devote a third of the otherwise promising intro- 
ductory chapter to a metaphysical treatise on the clock 
paradox By contrast, temperature regulation of the space 
vehicle microclimate receives a scanty couple of pages, while 
current developments in practical space medicine (such as the 
preparations for Project Mercury, which were widely pub- 
lished before 1960) receive no mention at all It is with 
hesitation and sadness that one feels compelled to say that a 
book by so eminent an author in his field cannot be recom 
mended for the purpose for which it was presumably written 
It is a revealing monograph but it is not a primer 


Space Biolog) By James S. Hanrachan and David Bushnell 


published by Thames & Hudson, pp. 263, 345s 


In their foreword the authors state that the book ts not a 
textbook of space biology but is, instead, a historical survey 
of the accomplishments from earliest time. In saying this 
the authors underestimate the value of their book to scientists 
ind engineers working in all fields of space biology 

Basically the book is a concentrated digest of a very wide 

of literature relating to the subject but provides easy 

natter punctuated with occasional humour The 721 

which include a high proportion of scientific 

papers, also extend from Greek literature to modern science 

fiction: from Pravda to the Alamogordo Daily News: and 
from the music of Borodin to that of Marty Gold 

Although most of the book is concerned with ichieve- 
nents of the U.S.A. this is understandable in the light of the 
relatively small amount of published literature describing 
work outside that country The authors have made no 
attempt to hide the shortcomings of the American efforts 
and, in fact, one ts inclined to wonder whether they have 
perhaps sought to highlight some of the more amazing 
follies Apart from the failures due to obvious lack of 
ittention to detail one realises that much of the apparent 
lead gained by the Russians in manned space flight is due to 
the appalling lack of official enthusiasm tn the earlier American 
work 

In the case of a book of this type, where the authors have 
generally confined themselves to quoting other authorities, 
littke comment is possible on any inaccuracies. In any case 
it seems apparent that most of the sections have been critically 
examined by specialists and it is disappointing that there are a 
number of misleading conclusions drawn in the Section 
dealing with the atmosphere within the cabin, whereas the 
sections on weightlessness G-forces and radiation appear to 
have been so expertly edited 

The authors’ main contribution ts their a: 
impact that space travel is making and could make, on the 
human race and they make it clear that the scientists and 
engineers cannot be absolved from blame should their efforts 
beneficial 


ilysis of the 


to widen human knowledge have other than 
results 
The conclusion reached after reading the book 1s that the 
iuthors are experts in the art of seeking our information and 
must have direct access to at least one first class reference 
library Apart from being presented with a large number of 
} 


iseful facts the interested reader is provided with a means o! 


making a detailed study of any chosen field of the science 
by making use of the references provided and it is, therefore 
a book which should appeal to both amateurs and pro- 
fessionals alike 


P. W. Fini 





units of acceleration in order to identify it with the system ol 
“in the English gravitational 


Correspondence ons being ued. "Thus we 


is equal to 3. ft. se instead of ; has the value 

Sir,—I have been prompted to write this letter A 
howler which appeared on p. 112 of the May, 1961, issue « 3.19 , ’ 
¢ Ajo} 32-17 in the English gravitational system 

paceslugnt , ' = : 

; inc? aT , Rocket propulsion deals with bodies of variable 1 

Specific impulse is defined as Ib. thrust givided Dy 1) | 
’ " | O equation { pecomes 
lb. per sec. mass flow” (FH Ib. Ib. /sec.) The Il nits : ' 


Nass 


cancel out leaving specific impulse units in seconds 
Ihe writer, having taken pains to differentiate be 
inits of force and mass, proceeds to cancel the 


at 


Ih 
the Ib.-mass The section in which this occurs 

Electrical Rocket Propulsion,” also commits the crime of : ; 
mixing units, quoting thrust in lb.-force and power in kW an eCxnat ss How rate and © ts an exhaust 
This business of scientific units has been dragged 


and time again, but I still hope that the following contribution Note that although specific impulse and exhaust velocity 


to this subject will be valuable All our troubles may may be numerically different, they have the same dimensions 

traced back to Newton’s Second Law of Motion, which may 

be written for a body of fixed mass P Force Time 
| ise ei Mass 


} VU. A 

k. A 
' ‘ Mass Acceleration Time 
Mass 


Velocity 


Where F is a force, M is a mass, A an acceleratior 
is a dimensionless constant In any gravitational syst 
Thus | unit of specific impulse 


units A is made numerically equal to where g,, Is 


ardized value of Earth’s surface gr@vitational acceleratio 

In this manner the weight of a body at the Earth's surf s 
approximately numerically equal to its mass. This advantage 
is small consolation for the confusion that has arisen 


| 


h 


petween 


of force and mass This is due to being 


AEROFOIL SECTIONS 


282 pages 


Price £10 


F. W. Riegels 196] 
In times when slenderness is such a desirable attribute of wings, and supersonic speeds are commonplace, there 


jimensional flow as an outdated topic 


a tendency to think of low-speed, two-d It is forgotten that the subject 


is still of importance: it is continually required in the design of ship propellers, turbines and compressors ; and 


IS 


is sSull of use for a wide variety of aircratft 
Dr. Riegels’ books provides « clear and comprehensive survey of the subject of wing profiles, surveying all the 


| 
i 


Not the least useful part of the book is 


characteristics of 


main theories and discussing many of the experimental investigations 
the large amount of tabular and graphical information on the geometrical and aerodynamic 


profiles 


NUCLEAR PROPULSION 


1960 300 pages Price 5Os 


Edited by M. W. Thring 


In this book experts in their various fields examine the prospects which nuclear power offers in propulsion, particu- 
larly in the propulsion of ships, aircraft an Its basis was a successful course of lectures held for 
some time past at Sheffield University an to provide engineers with the basic groundwork of theory 
and then to discuss the propulsion 


BUTTERWORTHS. Bell Yard, London, W.C.2 
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iry Vv tude, longitude 
tr illy decreases as the body move 
rth Carrying this to the r 
eight of a body on Mar 
of Earth 
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bereavement, etc. Initially, any member of the 
Society of more than five years’ standing (or his or 
her dependents) ts eligible for assistance. Benefits 
from the fund are NOT restricted to members in 
the United Kingdom or British Commonwealth 

The Fund ts administered by Trustees, who would 
be grateful if cases meriting consideration could be 
brought to their attention 

The initial target for the fund is £3,000, the sum 
received to date £1.20). Further contributions will 
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Nelson’s Atlas of the 


UNIVERSE 
by 
Br ERNST and Tj E. DE VRIES 
edited by H. E. BUTLER MA PhD 
preface by 
H. A. BRUCK DPhil. PhD 


1stronomer Royal for Scotland 


An up-to-date guide to space and the 
stars. The first part of the book consists 
of over 200 photographs with long in- 
formative captions, a brief history of 
astronomical studies, and an ever broad- 
ening view of the Universe. The second 
part describes in alphabetical order all 
aspects of astronomy and related topics 
from Ptolemy to artificial satellites. 

g4 plates, over 200 charts and diagrams 
in the text. 103" x 74" 42s 
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